
N A S A  T E C H N I C A L  

T R A N S L A T I O N  

I.' i 
3 i 

N A S A  - T T  F -350  __- 
c:' 2 I 

-- 
I -" 
1 = 7  

I -  E 

AN ORIGINAL PROBLEM IN 
AEROSPACE BIOLOGY: 
THE EFFECT OF MECHANICAL 
VIBRATIONS AT THE CELLULAR LEVEL 

by P. Grognot, R. Lozcbie're, and A. PfiSter 

Paper presented at the Second International Symposium 

on Basic Environmental Problems of Man in Space, 

Paris, June 14-18, 1965. 

N A T I O N A L  A E R O N A U T I C S  A N D  SPACE A D M I N I S T R A T I O N  W A S H I N G T O N ,  D. C. O C T O B E R  1 9 6 5  



AN ORIGINAL PROBLEM IN AEROSPACE BIOLOGY: 

THE EFFECT OF MECHANICAL VIBRATIONS AT THE CELLULAR LEVEL 

By P. Grognot, R. Loubikre, and A. Pfister 

Translation of "Un ProblGme Original en Biologie AGrospatiale: 
L' Action des  Vibrations M6caniques au Niveau Cellulaire." 

Paper  presented at Second International Symposium on Basic Environmental 
Problems of Man in  Space, Paris, June 14-18, 1965. 

NATIONAL AERONAUT ICs AND SPACE ADMINISTRATION 

For sole by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 - Price $1.00 



AN ORIGINAL PROBLEM I N  AEROSPACE BIOLOGY: 
THE EFFECT OF MECHANICAL VIBRATIONS AT THE CELLULAR LEVEL 

P. Grognot, R. Loubikre, and A. P f i s t e r  

ABSTRACT 

I n  m i c e  v ib ra t ed  f o r  7 ,  15, Qr 30 minutes ,  
t h e  au tho r s  f i n d  an  anaphase change of about 40%. 
The s e n s i t i v i t y  of m i t o s i s  t o  mechanical v i b r a t i o n s  
is  confirmed. 

Among t h e  harmful f a c t o r s  which may be i n  opera t ion  during space /1* 
f l i g h t s ,  those  which are  most f r equen t ly  encountered are a c c e l e r a t i o n ,  
weight lessness ,  and ion iz ing  r a d i a t i o n .  The l a t t e r  two f a c t o r s  can only 
be s tud ied  t o  t h e  proper  ex ten t  on board space veh ic l e s .  

However, Arseneva, Antipov, and t h e i r  c o l l a b o r a t o r s  had t h e  m e r i t  t o  
suspec t  a b i o l o g i c a l  e f f e c t  from mechanical v i b r a t i o n s  a t  t h e  c e l l u l a r  
l e v e l  of mammals ,  and t o  demonstrate t h i s  experimental ly  on t h e  ground. 

Using a v i b r a t i n g  t a b l e ,  t hese  au thors  reproduced t h e  c h a r a c t e r i s t i c s  
of t h e  v i b r a t i o n s  encountered i n  a rocke t .  By sub jec t ing  mice t o  t h i s  
a c t i o n ,  they found t h a t  t h e  propor t ion  of anaphase malformations i n  hema- 
t o p o i e t i c  marrow reached a maximum of 9.79% 24 hours a f t e r  t h e  experiment,  
while  t h i s  propor t ion  w a s  only 2.61% i n  t h e  c o n t r o l  animals.  

ThPs resurgence of o ld  mechanical t h e o r i e s  has  seemed t o  u s  t o  be of 
g r e a t  i n t e r e s t  from s e v e r a l  p o i n t s  of view, and w e  have t r i e d  t o  d iscover  
t h i s  phenomenon i n  t h e  cel ls  of t h e  n e o p l a s t i c  Ehr l i ch  ascites tumor. 
W e  f e l t  t h a t  as t h i s  t i s s u e ,  which is  r i c h  i n  m i t o s i s ,  i nc reases  a t  a f a s t  
rate, i t  would be p a r t i c u l a r l y  s e n s i t i v e  and would eventua l ly  make poss ib l e  
a macroscopic t r a n s l a t i o n  of t h e  cy to log ic  phenomena. 

Material and Methods 

W e  u t i l i z e d  a v i b r a t i n g  t a b l e  having t h e  fol lowing c h a r a c t e r i s t i c s :  

- Table wi th  Goodmans e x c i t o r  8 / 6 0 0 .  

*Note: Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  
t e x t .  



- The a c c e l e r a t i o n  and amplitude w e r e  kept  cons tan t  by u t i l i z i n g  a 
servo-system of t h e  Rocher chronometer type.  

- The cons t an t s  w e r e  v e r i f i e d  by means of a p i e z o e l e c t r i c  acce lero-  
meter, of t h e  JP 09 SOPEMEA type.  

This provided r e c t i l i n e a r ,  s i n u s o i d a l  v i b r a t i o n s .  

We re t a ined  the  experimental  d a t a  provided by t h e  Russian au tho r s :  

- Frequency 70 cps; 

- Amplitude 4/10 mm peak t o  peak. 

I n  t h e  f i r s t  experimental  ser ies ,  w e  v ib ra t ed  our animals f o r  1 5  min- 
u t e s .  

Subsequently,  i n  o rde r  t o  determine t h e  r o l e  played by t i m e  i n  t h e  
appearance of changes, we  performed t h r e e  experimental  series which las ted 
3 0 ,  7 ,  and 4 minutes ,  r e s p e c t i v e l y .  

W e  employed m a l e  S w i s s  m i c e  of pure l i neage ,  a l l  of which weighed 
more than 25 grams a t  t h e  t i m e  of innocula t ion .  

For the  s a m e  experimental  series, t h e  c o n t r o l  mice along wi th  t h e  
o t h e r s  received 0 .1  m l  l i q u i d  of t h e  a s c i t e s  of t h e  same donor mouse, which 
had been innoculated f o r  s i x  days.  

The animals w e r e  weighed d a i l y  and w e r e  subjec ted  t o  v i b r a t i o n s  s i x  
days a f t e r  t h e  innocula t ion  - i . e . ,  in t h e  phase of exponent ia l  growth of t he  
tumor. They w e r e  k i l l e d  24 hours  a f t e r  t h e  experiment,  a t  t h e  same t i m e  as 
t h e  c o n t r o l  animals.  

However, some of t he  animals were saved and were weighed d a i l y  u n t i l  /3 
t h e i r  n a t u r a l  dea th .  

The ascites l i q u i d ,  which w a s  removed 24 hours a f t e r  t h e  experiment, w a s  
smeared on a p l a t e  and f i x e d  wi th  Carnoy l i q u i d .  

For each animal,  two p l a t e s  were colored bymeans of t h e  usua l  methods 
f o r  purposes of c l a s s i f i c a t i o n :  MAY-GRUNWALD-GIEMSA and green of METHYL- 
PYRONINE. 

The observa t ion  and t h e  record ing  were performed by t h e  same observer  
under f luorescence ,  w i th  t h e  a i d  of a LEITZ ORTHOLUX microscope having a 
mercury vapor lamp. 
vided a green f luorescence  f o r  t h e  ADN and a red  f luorescence  f o r  t h e  ARN. 

The fluorochrome employed w a s  a c r i d i n e  orange; i t  pro- 

I n  a d d i t i o n  t o  observa t ions  on a dark background, which is  extremely 
r e s t f u l  f o r  t h e  observer ,  t h i s  method makes i t  poss ib l e  t o  d iscover  most 
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remarkably t h e  f i n e s t  chromatidic  f i l amen t s  which are not  always immediately 
v i s i b l e  on t h e  usua l  co lo ra t ions .  

Resul t s  

Under these  condi t ions ,  w e  counted t h e  number of anaphases, and among 
them t h e  number of malformed anaphases. 

A s  t h e  Russian au thors  found, w e  noted t h a t  t h e s e  malformations con- 
s i s t e d  p r imar i ly  of chromosome br idges .  However, w e  found chromatidic  f rag-  
ments i n  about 20% of t h e s e  anaphase malformations.  These fragments w e r e  
f r equen t ly  uni ted  i n  t h e  s a m e  c e l l  with t h e  b r idges ,  bu t  w e  have not  separa ted  
them i n  t h e  genera l  t a b l e .  I n  t h i s  t a b l e  w e  i n d i c a t e  t h e  t o t a l  number of 
abnormal anaphases: 

Cont r o 1 
Anima 1 s 

Vibra t ions  
30 Minutes 

Vibra t ions  
15 Minutes 

Vibra t ions  
7 Minutes 

Vibra t ions  
4 Minutes 

Number 
o f Anima 1 s 

20 

4 

8 

4 

4 

Anap ha s e s 
Calculated 

_ .  

1,520 

482 
~~ 

605 

385 

309 
- I -  

Abno ma 1 
Anaphases 

- - _  

207 

184 

264 

138 
. -- 

63 

This  t a b l e  shows us  the  fol lowing:  

1. The propor t ion  of changes i n  the  anaphase i s  about 

Percentage 
of Anomalies 

13.6 

38.1 

43.6 

35.8 

15.4 

/4 

t h r e e  t i m e s  g r e a t e r  
i n  animals which w e r e  v i b r a t e d  f o r  15 minutes- than  i n  t h e  c o n t r o l  animals.  

2. This  propor t ion  v a r i e s  very l i t t l e ,  i f  t h e  exposure time i s  doubled 
o r  i f  i t  i s  reduced by h a l f .  

3 .  O n  t h e  o t h e r  hand, fou r  minutes of v i b r a t i o n s  do not  i nc rease  i n  a 
s i g n i f i c a n t  way t h i s  propor t ion  of anaphase anomalies.  

The threshold  f o r  t h e  appearance of t h e s e  changes t h e r e f o r e  s e e m s  t o  be 
loca ted  between 4 and 7 minutes,  f o r  t h e  type  of v i b r a t i o n  under considera-  
t ion.  
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ascites tumor, w e  d id  not  d i scover  any s i g n i f i c a n t  d i f f e r e n c e  between 
t h e  c o n t r o l  animals and any of t h e  animals which w e r e  vibrated,  wi th  r e s p e c t  
t o  : 

- dura t ion  of l i f e ,  /5 
- weight,  

- any c l i n i c a l  i n d i c a t i o n  whatever. 

Comments 

W e  t h e r e f o r e  appear t o  have confirmed t h e  s e n s i t i v i t y  of m i t o s i s  t o  
mechanical v i b r a t i o n s  which may be encountered during space voyages. 

Two ques t ions  may then  be posed: 

- What are the  mechanisms leading  t o  such changes? 

- What are t h e  p o s s i b l e  consequences on t h e  e n t i r e  organism? 

W e  s h a l l  avoid t h e  f i r s t  ques t ion ,  because w e  do not  have s u f f i c i e n t  in -  
formation t o  answer i t .  W e  s h a l l  simply r ep ly  t h a t  s e v e r a l  arguments have 
been advanced by t h e  Russian au tho r s  which seem t o  show t h a t  t h e  chromosome 
damages are d i f f e r e n t ,  whether they  are produced by t h e  ion iz ing  r a d i a t i o n  
o r  o t h e r  f l i g h t  f a c t o r s  - inc luding  mechanical v i b r a t i o n s .  
argument seems t o  be the  smaller percentage of chromosome fragments i n  t h e  
v i b r a t e d  animals.  
as t h e  primum movens of t h e s e  damages, 

The p r i n c i p a l  

However, i t  seems premature t o  i s o l a t e  t h e  sp ind le  changes 

Whatever may be t h e  mechanism involved,  w e  have obtained an  anaphase 
change of about 40% i n  t h e  animals v ib ra t ed  f o r  7 ,  15 ,  o r  30 minutes.  How- 
eve r ,  w e  have no t  been a b l e  t o  d iscover  any change i n  t h e  evolu t ion  of t h e  
n e o p l a s t i c  Ehr l ich  a s c i t e s  tumor. 

W e  t h e r e f o r e  may conclude t h a t  t h e s e  modi f ica t ions  have no ill e f f e c t  
on t h e  growth of tumoral t i s s u e  dur ing  f u l l  development. 

This  seems even more s u r p r i s i n g  due t o  t h e  percentage of changes en- /6 
countered,  and we  wondered whether t h i s  phenomenon w e r e  no t  r e l a t e d  t o  a 
p a r t i c u l a r  method of growth f o r  n e o p l a s t i c  t i s s u e .  

Although t h i s  s tudy f a l l s  o u t s i d e  of t h e  framework of space biology,  we  
s h a l l  p resent  a r ap id  summary, even though i t  may be only an i l l u s t r a t i o n  of 
t h e  impulse which new research  can g ive  t o  t h e  works of c lass ical  biology.  

S t a r t i n g  wi th  t h e  hypothesis  t h a t  t h e  growth of t h e  a s c i t e s  tumor i s  
not  a simple m u l t i p l i c a t i o n  of i n j e c t e d  cel ls ,  bu t  e n t a i l s  a c t i v e  p a r t i c i -  
pa t ion  of t h e  h o s t ,  w e  examined c e r t a i n  abdominal organs of t h e  experimental  
animals 4 ,  1 2 ,  24 ,  and 48 hours a f t e r  i n j e c t i o n  of t h e  cel ls .  
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W e  w e r e  thus  a b l e  t o  o b j e c t i f y  t h e  a c t i v e  p a r t i c i p a t i o n  of t h e  
p e r i t o n e a l  se rous  membrane i n  t h e  c e l l u l a r  p r o l i f e r a t i o n ,  as w e l l  as t h e  
unusual modi f ica t ions  of t h e  exocr ine  pancreas during t h e  evolu t ion  of 
t h e  ascites.  

Therefore ,  t h e  changes i n  t h e  anaphase are not  s u f f i c i e n t  t o  res t ra in  
t h e  tumoral evolu t ion .  
dea th ,  t h e  r e s idue  of t h e  c e l l  ( l e t  us say ,  a v i r u s )  can induce t h e  ap- 
pearance of new n e o p l a s t i c  c e l l s .  

It is  poss ib l e  t h a t  even i n  t h e  case of c e l l u l a r  

I n  our opinion,  as w e l l  as i n  t h e  opinion of t h e  Russian au tho r s ,  t h e  
problem of t h e  e f f e c t  of mechanical v i b r a t i o n s  on a t i s s u e  during t h e  
course  of p r o l i f e r a t i o n  s t i l l  remains i n  i t s  e n t i r e t y .  Genet ics  and em- 
b ryo log ica l  s t u d i e s  should make i t  poss ib l e  t o  c l a r i f y  t h i s  new problem 
posed by t h e  conquest of space. 

Report of t h e  Center f o r  Information and Research on Aeronaut ical  Medicine 
(Direc tor :  General P r a c t i t i o n e r  Raboutet) .  

NASA-Langley, 1965 F-350 

S c i e n t i f i c  T rans l a t ion  Serv ice  
4849 Tocaloma Lane 

La  Canada, Ca l i fo rn ia  
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